R APID ECTOPIC rhythms which remain refractory to the usual type of therapy with antiarrhythmic drugs are often encountered clinically. The effect of hypothermia as a possible method of treatment under these conditions is of considerable theoretical and practical significance, since such a regimen might help to tide the patient over a critical period. In the presence of rapid ectopic rhythms, it is possible that hypothermia, by decreasing cardiac excitability and metabolic tissue demands, may be a life-saving procedure.
The beneficial effects of hypothermia in certain clinical states in which the reduction of metabolic demands and avoidance of severe hypoxia are necessary, such as in overwhelming sepsis 1 or hemorrhagic shock, 2 "* have been reported. It is well known that during total body cooling, as well as direct cooling of the heart, the cardiac rate falls, 5 " 8 and within critical ranges a direct relationship between heart rate and temperature is found. 5 
' 7~9
Cooling of the sinoatrial node depresses its activity; 10 the refractory period of the cardiac muscle is prolonged; conduction is slowed; and excitability of tissues is decreased by hypothermia. 5 u - 1 2 The purpose of this study was to determine the effect of hypothermia on aconitine-produced rapid ectopie rhythms in the dog.
Methods
Twenty-five adult mongrel dogs, weighing 13 to 20 Kg., were used in this study; two groups of experiments were performed. The animals were anesthetized by intravenous administration of pentobarbital (30 mg./Kg.) and artificial respiration instituted through an endotraeheal tube connected to a positive-pressure apparatus set at 16 e.p.m. (cycles per minute). A femoral artery was exposed and cannulated; the cannula was then connected to a Statham strain gauge and the blood pressure recorded on a Sanborn twinviso. Eleetrocardiographic (lead II) and blood pressure recordings were obtained at various intervals during the experiment.
The arrhythmia was induced by the application of aconitine, a method described by Scherf 13 ' 14 and others. 15 The chest was opened through a right thoraeotomy incision at the fourth intercostal space, and the surface of the right atrium and atrial appendage was exposed. A cotton pledget saturated with a solution of aconitine (0.05 per cent in benzene) was applied to the surface of the atrial appendage until a rapid arrhythmia was produced. This occurred within a period of two to five minutes, and was known from previous studies to continue for several hours.
As soon as the arrhythmia was induced, the dog was covered with plastic bags filled with ice. Body temperature readings were made at frequent intervals by means of a deeply inserted rectal thermometer. A temperature drop from a control of 99 to 104 F. to hypothermic levels of 78 to 92 F. was obtained within a period of 45 to 80 minutes.
In eight experiments, after the above level of hypothermia and the desired effect on the ectopic rhythm were obtained, rewarming was effected. This was accomplished by covering the animals with hot-water bags. The temperature was brought up to ranges of 95 to 101 F. within a period of 60 to 90 minutes. The remaining animals which were not rewarmed were sacrificed at the end of the experiment. Experiments in the Animal with Closed Chest (Nine Dogs)
The experiment was performed in two phases. The dog was initially prepared in the following manner. Under pentobarbital anesthesia and artificial respiration, a right thoraeotomy was made under aseptic conditions, and the right atrial appendage exposed. The terminal end of a polyethylene tuhe (#16-1S, 25 em. long) was sutured to the wall of the appendage and covered by a small pouch of the wall made with a purse-string suture. The chest was then closed, with the distal end of the polyethylene tube protruding through the incision and the animal permitted to recover.
Three to five days following the operation the dog was again anesthetized and the experiment carried out as in the first group, except that the arrhythmia was produced by injection of the aeonitine solution through the polyethylene tube. A solution of 0.1 per cent was used in these experiments and injected into the right atrial pouch onto the surface of the right atrium, using 0.5 ml. increments at 5-to 10-minute intervals until the arrhythmia was produced. The effective dose of aconitine varied from 1 to 5 mg. and the time elapsed between the injection and the appearance of the ectopic rhythm was 3 to 20 minutes.
Results

Open-Chest Experiments
The results obtained in this group are summarized in table 1.
Effects of Hypothermia on the Heart Bate and Bhythm (Figures 1, S, and S)
Control electrocardiograms after the chest was opened showed a sinus rhythm in all animals. The cardiac rate ranged from 100 to 185 per minute. Following the application of aconitine to the right atrium, a rapid arrhythmia was produced in all instances. Atrial fibrillation occurred in 11 cases, while a more regular supraventricular tachycardia appeared in the five remaining cases. The ventricular rate of the induced arrhythmia ranged from 170 to 300 per minute.
In all experiments, hypothermia resulted in a marked slowing of the ventricular rate. The rate decreased to a level of 60 to 165 per minute. With an average drop of temperature of 13 P., the reduction in rate averaged 54 per cent. In nine instances, normal sinus rhythm was restored under hypothermia; in one other instance, the rhythm changed from an atrial flutter with ventricular rate of 250 to an A-V nodal rhythm of 110 per minute (dog 14). Although the heart rate was slowed, the arrhythmia was unaffected in the remaining six animals. 
Figure 1
Effect of hypothermia and subsequent reicarming on the heart rate and rhythm in aeonitine-produced rapid arrhythmias. The ordinate represents the ventricular rate; the abscissa, the varying temperature levels during normothermia, hypothermia, and rewarming. This graph shores the effect observed in four representative animals. Note the production of the arrhythmia and the rapid ventricular rate following application of aconitine. Note also the rather rapid decrease in rate and the restoration of sinus activity under hypothermia. On reioarming, note the moderate increase in rate and persistence of sinus rhythm.
Effects of Hypothermia on the Blood Pressure (Figures S, S, and 4)
Prior to the induction of tachycardia, the control blood pressure averaged 110/75 mm. Hg. With the occurrence of a rapid ectopic rhythm following application of aconitine to the atrium, a fall in blood pressure was observed in 14 experiments. This drop averaged 13 per cent for the systolic and 15 per cent for the diastolic pressures. In the remaining two cases, no significant change occurred. During hypothermia, the blood pressure in nine cases further decreased by 21 and 22 per cent, respectively, for the systolic and diastolic components. In two other experiments (nos. 4 and 10), the blood pressure rose under hypothermia, returning toward the control figures. In the remaining three cases, no significant change in pressure was noted.
Effects of Bewarming on the Heart Bate and Bhythm
In eight experiments, the effects of rewarming of the animal were studied. In this group, the cardiac rate ranged from 60 to 165 per minute (average 108) at the hypothermic level. Increase of the temperature by an average of 11 F. (85 to 96 F.) produced an increase in rate to a level of 130 to 370 per minute (average 199), an average rise of 84 per cent. In four instances, the cardiac rhythm, which had been converted to a sinus origin under hypothermia, maintained sinus activity with rewarming. In two others, the induced arrhythmia recurred at the higher temperature; in the two remaining experiments, the ectopic rhythm which had persisted with hypothermia continued upon rewarming.
Effects of Rewarming on the Blood Pressure
In four animals, the blood pressure, which averaged 85/55 mm. Hg under hypothermia, rose by about 20 per cent upon rewarming; in three others, a decrease in blood pressure of about 25 per cent was noted; in the remaining dog, no significant change occurred with rewarming. The blood pressure effects which occurred after the increase in rate incident to the rewarming did not follow a constant pattern. The pressure was either unchanged or only slightly increased.
Closed-Chest Experiments
Of the nine dogs in this group, as a result of the aeonitine injection, three developed an initial supraventricular ectopic rhythm followed almost immediately by ventricular tachycardia and fibrillation. The latter was most probably due to the spread of the aconitine solution over to the ventricular Circulation Research, Volume IX, January lgei wall. The results obtained in the remaining six dogs are summarized in table 2.
Effect of Hypothermia on the Heart Bate, Cardiac Rhythm, and Blood Pressure
The control rhythm was sinus in all animals, and the cardiac rate ranged from 120 to 160 per minute. Following injection of aconitine, supraventricular tachycardia was produced in four cases and atrial fibrillation in two others. The ventricular rate ranged from 160 to 320 per minute. During hypothermia the rate decreased to a level of 80 to 120 per minute. An average reduction of temperature of 19 F. produced a decrease of the ventricular rate averaging 59 per cent. In two instances, normal sinus rhythm was restored under hypothermia; in two others, supraventricular ectopic rhythm persisted but was slow and regular (rates of 120 and 80 per minute, respectively); and in one experiment, atrial fibrillation continued, although with a much slower ventricular response (120 per minute). In the remaining dog, after initial conversion of the arrhythmia to a slow nodal rhythm was obtained, sudden ventricular fibrillation and death of the animal occurred.
Systemic blood pressure was recorded in three of these experiments. The control pressure averaged 155/95 mm. Hg, and with the induction of the rapid ectopic rhythm dropped by an average of 50 per cent. Under hypothermia a slight rise was observed in one ease and a slight additional drop in one other. 
Figure 2 Effect of hypothermia and subsequent rewarming on aconitine-produced arrhythmia (dog 8). (a) Control tracing; chest opened, (b and c) After application of aconitine
to the atrial wall. Note the appearance of a rapid supraventricular tachycardia and slight drop in blood pressure, (d, e, and f) During hypothermia, further conversion to atrial fibrillation with gradual slowing of the ventricular rate is seen, and finally restoration of slow sinus activity. Note also the slight drop in blood pressure at the lower temperature, (g, h, and i) Tracing during gradual rewarming of the animal; note the persistence of sinus rhythm with gradual increase of heart rate. The blood pressure increases with the increase of temperature.
The third animal, as mentioned before, died with ventricular fibrillation during the inception of hypothermia.
Effect of Rewarming on the Heart Mate, Cardiac Rhythm, and Blood Pressure
Rewarming was carried out in three animals of this series. From an average of 93 per minute at hypothermic levels, the heart rate rose to an average of 175 per minute when the temperature was raised. Sinus rhythm which was restored by hypothermia in one case persisted when the animal was rewarmed. In a second ease, atrial fibrillation which had been converted to a slow regular rhythm by hypothermia reappeared upon rewarming. In the third animal, after sinus rhythm was restored rewarming produced a ventricular tachycardia; however, the dog was recooled , : ! • • * ! 
Figure 3
Effect of hypothermia and subsequent reivarming on aconitine-produced arrhythmia (dog 1.) (a) Control tracing; chest opened, (b) After application of aconitine to the atrial ivall. Note the appearance of a rapid atrial fibrillation and a significant drop in blood pressure, (c, d, e, and f) Tracings during hypothermia. Note the gradual slowing of the ventricular rate and the restoration of a sloiv sinus rhythm. Note also the initial fall of the blood pressure which rises again ivith the re-establishment of sinus activity and sloiuing of the cardiac rate, (g, h, and i) Tracings during gradual rewarming of the animal. Sinus rhythm persists and the heart rate gradually increases. A slight drop in blood pressure tvith the increase of rate is also seen. and the temperature lowered again from 90 to 77 F., with re-establishment of a slow sinus rhythm.
The blood pressure was recorded on rewarming in two experiments. There was a rise of approximately 40 per cent in one instance and a sharp drop in the other in the presence of ventricular tachycardia.
Discussion
There are numerous reports in the literature dealing with the occurrence of arrhythmias during hypothermia. 16 Effect of hypothermia and subsequent rewarming on the blood pressure. The ordinate represents the systolic blood pressure levels; the abscissa, the varying temperature during normothermia, hypothermia, and rewarming. The effect observed in four representative animals is shown on this graph. Note the sharp drop in pressure following application of aconitine and production of the rapid ectopic rhythm. Under hypothermia, an initial further drop in pressure occurs and later, as the temperature is decreased and the heart rate slowed, the pressure rises again. Further rise in blood pressure is seen during rewarming.
Burn and Goodford 22 stated that in the isolated heart, production of ventricular fibrillation by stimulation was easier at higher temperatures. Beaulnes and Day 23 studied the effect of temperature on electrically produced arrhythmias in the isolated rabbit atria. They found that "on lowering the temperature the arrhythmia diminished in i-ate and often ceased altogether." Higher temperatures were found to favor the production of these arrhythmias. More recently, Sommerville 24 reported briefly on the effect of hypothermia on established atrial fibrillation in 15 patients undergoing surgery for the repair of atrial septal defect. During early cooling, marked slowing of the ventricular rate was observed and in half the patients "the rhythm became precisely regular when the temperature had fallen 1° to 2° C." No statement is available relative to the effect of rewarming on these arrhythmias.
Induced rapid ectopic rhythms were slowed by hypothermia in all the animals, and in the •Normal sinus rhythm. tin this experiment, ventricular tachycardia appeared during rewarming. The animal was then recooled from 90 to 77 T., and normal sinus rhythm at a rate of 80 per minute was obtained; the blood pressure rose to 100/50 mm. Hg. majority of cases, normal sinus rhythm was restored. A beneficial cardiac effect had, therefore, resulted in all cases.
During hypothermia the systemic blood pressure is reported to show a gradual fall. 8 Such a fall occurred in about half of our experiments. In the remainder, the blood pressure either did not change or rose with the drop in temperature. Slowing of the cardiac rate and, therefore, better diastolic filling of the heart might explain the finding.
The effect of cooling on ectopic rhythms during hypothermia is very likely mediated by changes in the following m3 r oeardial properties: decreased excitability, increased refractory period, increased conduction time, and increased duration of action potential. 5 " 7 ' 9 " 12 ' 20, 25-27 T] iese actions, in many respects, are similar to the mechanisms by which antiarrhythmic drugs (quinidine and procaine) act in controlling rapid ectopic rhythms. The decrease in cardiac work during hypothermia is an additional beneficial factor.
The aforementioned experiments suggest that the use of hypothermia represents an added therapeutic measure in the treatment of rapid ectopic rhythms which may be worthwhile exploring in patients who are refractory to the usual methods of therapy.
Summary
The effect of hypothermia on experimentally produced rapid arrhythmias in the dog was studied. Rapid eetopic rhythms were produced in open-chest and "intact" animals by application of aconitine solution to the right atrial wall. In all experiments, a beneficial cardiac effect was obtained: marked slowing of the ventricular rate occurred in all cases, and in approximately half of the cases sinus rhythm was restored. On rewarming, although the heart rate increased, the sinus rhythm acquired during hypothermia persisted in most instances. The blood pressure fell when a rapid arrhythmia was produced. A further drop was observed in approximately half the eases during hypothermia. In the remaining cases no change, or a slight rise in blood pressure, occurred during cooling. The results obtained in the experimental animal would Circulation Research. Volume IX, January 1981 appear to have a bearing on the therapy of certain refractory arrhythmias in the human subject.
